In the present investigation an attempt was made to carry out morphological and molecular characterization of Colletotrichum isolate (CI) associated with leaf spot disease of soybean. Pathogenicity test was carried out with the isolate and symptoms of leaf spot were found to appear after 7 days of inoculation. The pathogen was compared with 2 isolates of Colletotrichum capsici (CII and CIII) and one isolate of Colletotrichum gloeosporoides (CIV) from chilli. On the basis of morphological and cultural characteristics the pathogen was identified as C. capsici. For molecular identification random amplified polymorphic DNA (RAPD) primers and internal transcribed spacer (ITS2) primers were tested on the genome of Colletotrichum isolates from soybean and chilli plants and the data provided characteristic genetic evidence of 100% similarity within the CI isolate from soybean and C. capsici isolates from chilli (CII and CIII). To confirm the molecular identification of the pathogen species specific primers (CcapF/CcapR) were used and it was established that the pathogen is indeed C. capsici. Results of present investigation revealed the first report of C. capsici in soybean plant.
INTRODUCTION
The genus Colletotrichum contains many morphologically similar taxa comprising endophytic, saprobic and plant pathogenic fungi (Photita et al. 2004 , Damm et al. 2009 ). Anthracnose disease caused by the Colletotrichum species is a major problem worldwide. Among these species, C. gloeosporioides (Penz.) Penz. & Sacc. and C. capsici (Syd.) E.J. Butler & Bisby are most frequently cited as causal agents of anthracnose (Than et al. 2008 , Gautam 2014 , Ramdial & Rampersad 2015 . C. capsici also has been reported to have a wide putative host range associated with symptoms of foliar blight and leaf spot diseases (Shenoy et al. 2007) . Leaf spot disease caused by Colletotrichum capsici is the most important economic constraint which hamper, turmeric (Curcuma longa L.) production in major turmeric growing regions of the India, and often results in high yield losses (Adhipathi 2013 , Uma Devi 2008 .
The occurrence of different virulent strains of Colletotrichum species has been well documented in India (Sharma et al. 2005 (Sharma et al. , 2013 . Numerous cases have been reported in which several Colletotrichum species or biotypes are associated with a single host (Peres et al. 2002) making their identification by morphological and physiological methods more difficult. The use of molecular marker techniques has improved the accuracy and speed of identification of Colletotrichum spp. (Cai et al. 2009 ). Among these molecular techniques, RAPD technique has been extensively used to investigate relationships among isolates of Colletotrichum spp. (Madhavan et al. 2010 , Sangdee et al. 2011 . Similarly nucleotide sequence information for the 5.8S rDNA gene and the internal transcribed spacer (ITS) region of ribosomal DNA (rDNA) have been used to design species specific primers of members of Colletotrichum for diagnostic purposes and for phylogenetic analysis (Thalhinhas et al. 2002) .
Soybean is an important global crop that is grown in tropical, subtropical and temperate climate. Anthracnose is a major fungal disease of soybean which is caused by Colletotrichum capsici and several related Ghosh et al. (2016) 3(3) : [481] [482] [483] [484] [485] [486] [487] [488] [489] [490] .
www.tropicalplantresearch.com 482 species. Anthracnose of soybean can cause severe symptoms and yield loss in southern Taiwan. Strains of C. truncatum and C. gloeosporioides derived from diseased pods were noted as causal agents (Chen et al.1986 ). Purkayastha & Banerjee (1990) reported anthracnose of soybean in India caused by C. dematium. Soybean foliage is also susceptible to a number of fungal and bacterial pathogens causing leaf spots and blights. Among leaf spot fungal diseases, brown spot disease caused by Septoria glycines and frogeye disease caused by Cercospora sojina are most frequently encountered (Hershman 2013) . In the present investigation an attempt was made to carry out morphological and molecular characterization of Colletotrichum isolate associated with leaf spot disease of soybean plants.
MATERIALS AND METHODS

Isolation and identification of pathogens from infected plants
Fungal isolate (CI) was collected from leaves of infected soybean plants grown in the field of experimental garden. The diseased leaf parts were cut at the advanced margin of lesions into small pieces (5×5 mm) and then surface disinfected with 0.1% HgCl 2 for 1 min, followed by rinsing with sterile distilled water two times. The pieces were then transferred to potato dextrose agar (PDA) medium and incubated at 30±2°C for 2-3 days. Pure cultures of the fungi were obtained by single spore isolation method. The isolate was first identified to species by morphological observation under a compound microscope. Two other isolates of C. capsici (CII and CIII) and one isolate of C. gloeosporoides (CIV) from chilli were used for identification of C. capsici.
Pathogenicity test
In order to prove Koch's postulate pathogenicity test was carried out. One month old soybean plants were sprayed with spore suspension of CI (10 6 conidia/ml) and covered with moist polythene bags for 48 hours under natural condition of light and temperature (20-30ºC). Disease intensity was measured after 5, 7, 10, 14, 21 days after inoculation following the method of Purkayastha & Banerjee (1990) . Disease symptom is necrotic spots (lesion) on the leaves of plant. Six leaves from each plant were selected randomly and the number and size of the lesions on each leaf were noted. On the basis of visual observation, the necrotic lesions were graded into small, medium and large groups and a value of 0.5, 1 and 2 were given to lesions denoting their diameter of 1, 2 and more than 2 mm respectively. The number of spots in each group was multiplied by value assigned to it. The sum total values taken together for all leaves divided by the number of test plants.
Cultural characters of Colletotrichum isolates
Growth characteristics of fungal isolates were measured in potato dextrose agar (PDA) solid medium. The mycelial diameter and morphological nature of mycelia was recorded in solid medium. Shape and size of conidia of the fungal isolates were also observed.
Fungal DNA extraction and RAPD analysis
For DNA extraction, each isolate was grown in 100 ml conical flasks, containing 30 ml of potato dextrose broth, for 5 days at room temperature (28±2°C). The mycelia were harvested by filtration and stored at -20°C for 2-3 days. Freeze-dried mycelium (0.5 g) was ground to a fine powder and DNA was extracted using CTAB (hexa-decyltrimethylammonium bromide) method described by Bhadra & Bandyopadhyay (2015) . RAPD analysis was performed using 25 10-mer primers initially, among which 10 were chosen for final analysis due to high reproducibility of the banding pattern generated (Table 1) . Amplification was performed in 25 µl reaction volume consisting of 100 ng template DNA, 100 pmole of primer, 10 milimole dNTPs (Applied Biosystems, Carlsbad, California, USA), 1.5 U Taq DNA polymerase and 10X reaction buffer containing 15 mM MgCl 2 (Merck Genei, Bangalore, India). PCR was performed using Veriti® 96-Well Thermal Cycler (Applied Biosystems, Carlsbad, California, USA) with an initial denaturation step for 5 minutes at 94 o C followed by 40 cycles of 1 minute at 94 o C, 1 minute at 37 o C and 2 minutes at 72 o C with a final extension for 10 minutes at 72 o C. 1.5 % (W/V) agarose gel was used to analyse the PCR product. Size of the amplified fragments was determined using 100bp DNA ladder (Applied Biosystems, Carlsbad, California, USA). The gel was photographed using E-Gel® Imager (Applied Biosystems, Carlsbad, California, USA). The amplified bands thus obtained were scored as present (1) or absent (0) for data analysis. Regardless of the intensity of the amplified band, each was treated as an independent entity. The Rp (resolving power) of each primer was calculated using the formula Rp= 1-[2*(0.5-p)] (where p is the proportion of taxa containing the band) (Prevost & Wilkinson 1999) . The scored binary matrix was then subjected to analysis using NTSYSpc Ghosh et al. (2016) 3 (3): [481] [482] [483] [484] [485] [486] [487] [488] [489] [490] .
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Amplification and Sequencing of ITS1-5.8S-ITS2 of rDNA
The four Colletotrichum isolates were further characterized by nucleotide sequence analysis after amplification of the ITS1-5.8S-ITS2 regions using the universal primers ITS4 (5'-TCC TCC GCT TAT TGA TAT GC-3') and ITS5 (5'-GGA AGT AAA AGT CGT AAC AAG G-3') (White et al. 1990) , and soybean isolate CI was used as positive control. PCR reactions were performed in reaction volumes of 50 μl containing 25 ng of genomic DNA, 1×PCR buffer (Merck Genei, Bangalore, India), 0.5 mM of each dNTP (Applied Biosystems, Carlsbad, California, USA), 1 μM primers, and 1U Taq polymerase (Merck Genei, Bangalore, India). DNA amplification was performed in a Veriti® 96-Well Thermal Cycler (Applied Biosystems, Carlsbad, California, USA), and the program consisted of an initial denaturing step at 95°C for 3 min, followed by 25 cycles of 30 s at 95°C, 30 s at 54°C, and 60 s at 72°C; and a final extension step of 10 min at 72°C. PCR products, approximately 600 bp, were separated by electrophoresis in 1.5% (W/V) agarose gels and visualized by ethidium bromide staining and were photographed using the gel documentation system. Specific bands were then cut off from gel and the amplified DNA was extracted using Silica Bead DNA Gel Extraction Kit (Thermo Fisher Scientific Inc., Waltham, MA USA).
DNA sequencing was performed with two primers (ITS4 and ITS5) in both directions to ensure that there was no misreading. PCR products were sequenced by ABI 3500 Genetic Analyzer (Applied Biosystems, Carlsbad, California, USA). Alignment and edition were carried out with the CAP3 Sequence Assembly Program (Huang & Madan 1999) and visually corrected. Sequences were then compared using Mega 6.0 software program (Tamura et al. 2013) .
PCR using Species-Specific Primers
Colletotrichum capsici specific primer pairs CcapF (5'-GTA GGC GTC CCC TAA AAA GG-3') and CcapR (5'-CCC AAT GCG AGA CGA AAT G-3') previously reported by Torres-Calzada et al. (2011) were used for rDNA amplification of all the samples. Amplification reactions were performed using protocol reported earlier. PCR products were visualized by electrophoresis in 1.5% (W/V) agarose gels, stained with ethidium bromide and documented using gel documentation system.
RESULTS AND DISCUSSION
Identification of pathogen
Pathogen associated with leaf spot disease of soybean was identified as C. capsici on the basis of morphological characteristics.
Pathogenicity test
Healthy soybean plants were inoculated after one month of sowing and disease index was noted after 5, 7, 10, 14 and 21 days of inoculation. Symptoms were found to appear 7 days of inoculation and disease intensity was found to increase with the incubation period. Disease symptom was noted as necrotic spots (lesion) on the leaves of the plant. The results are presented in the table 1 and figures 1A & B. a -Days after inoculation; b -Average of 4 plants. Age of plant at the time of inoculation: 1 month; Inoculation potential: 10 6 conidia/ml
Cultural characteristics
The mycelial growth of Colletotrichum isolates in solid PDA medium was measured after 12 days of incubation. The CI, CII and CIII isolates showed dense white to greyish brown mycelia with ring like zonations Ghosh et al. (2016) 
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Morphological characters
The conidia of Colletotrichum isolates from soybean and chilli (CI, CII and CIII) is falcate, fusiform with acute apices. (Fig. 1D) The size ranges from 19.65-21.00 µm in length and 3.0-3.5 µm in breadth. In C. gloeosporiodes (CIV) conidia are hyaline, one celled, cylindrical. The size ranges from 8-12 µm in length and 4-6 µm in width. Ghosh et al. (2016) 
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Molecular identification of the pathogen i. RAPD-PCR analysis 25 RAPD primers were tested on the genome of CI, CII, CIII and CIV. The generated DNA fingerprints were evaluated for assessing genetic similarity among the four isolates. Data generated by 10 primers were analyzed as they reliably and reproducibly detected polymorphism among the selected isolates (Table 3 ). Figure  2 shows typical profile and polymorphic bands generated after amplification with the primers. The 10 RAPD primers produced a total of 276 amplified fragments with 250 polymorphic and 26 monomorphic bands. The average polymorphism of these primers varied from 82.8% to 97.30% with an average of 90.05%. The resolving power (Rp) of the primers varied from 15 to 40. Table 3 summarizes the above data.
The dendrogram generated from the RAPD data using Jaccard's similarity coefficient showed a variation from 0.10 to 1.00 among the four isolates. While the three Colletotrichum isolates (CI, CII and CIII) separated out in a single cluster showing 0.85 similarity coefficient among them, C. gloeosporoides (CIV) showed similarity coefficient of 0.10 with them. Based on the high similarity value of 1.0 between CI and CII it may be assumed that both of them belong to the same species (Fig. 3) . . ii. Amplification and Sequencing of ITS1-5.8S-ITS2 of rDNA To further confirm the result obtained using RAPD marker-based study, PCR amplification of the ITS region of all the studied samples were also done using universal primers ITS4 and ITS5. A single band of 620 bp was obtained in all cases (Fig. 4) . No nonspecific banding was found. The amplified fragments were, thus, purified and sequenced. The sequence data, thus obtained, were compared using Mega 6.06 software. The sequence analysis of the ITS region revealed 100% sequence similarity within the three isolates namely CI, CII and CIII. The ITS2 sequence of C. gloeosporoides (CIV), on the other hand, revealed significant difference with other three isolates (Fig. 5) . The sequences were also used to generate a dendrogram revealing phylogenetic relationship among the studied taxa using UPGMA method (Fig. 6) . Ghosh et al. (2016) 3 (3): 481-490 . www.tropicalplantresearch.com 487 gloeosporoides. Ghosh et al. (2016) iii. PCR using Species-Specific Primers When the primer pair CcapF/CcapR were used to amplify the genomic DNA in the present study, the two chilli isolates of C. capsici (CII and CIII) and the CI isolate from soybean tested positive with a single amplified fragment in each taxa. The size of this fragment was 394 bp in all of the C. capsici tested. The primers, however, used failed to amplify genomic DNA of C. gloeosporoides (Fig. 7) . 
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DISCUSSION
In the present investigation results of pathogenicity test indicated that Colletotrichum sp. (CI isolate) can establish leaf spot disease in susceptible soybean cultivar. Traditional identification and characterization of Colletotrichum species relies primarily on difference in morphological features such as colony, colour, size and shape of conidia and appressoria. In this study morphological characterization of Colletotrichum isolates from chilli and soybean plants were done. Results revealed that CI, CII and CIII isolates showed similar characteristics, whereas CIV is morphologically different from the other 3 isolates. This result is in agreement with a previous study by Sandgee et al. (2011) who found a morphometric overlap of conidial size among Colletotrichum species. Thangamani et al. (2011) Srinivasan et al. (2010) using RAPD markers. The result of RAPD in the present investigation was further confirmed by sequence analysis of the ITS region which revealed 100% sequence similarity between the two C. capsici isolates of chilli and CI isolate of soybean. C. gloeosporoides, on the other hand, revealed significant sequence difference with C. capsici isolates CI. Freeman (2008) used sequence analysis of ITS region to establish similarity between Colletotrichum acutatum isolates from almond and strawberry. Shi et al. (2008) had used ITS universal primer pair ITS1-F/ITS4 to characterize Colletotrichum acutatum and C. gloeosporioides isolates from flowering dogwood (Cornus florida). Katoch et al. (2016) carried out Metageographic population analysis of Colletotrichum truncatum associated with chili fruit rot and other hosts using ITS region nucleotide sequences. Molecular characterization of the soybean isolate was finally established by using species specific primer which revealed that this isolate and two other C. capsici isolates tested positive with a single amplified fragment in each taxa. C. gloeosporoides, however, failed to produce any amplified DNA fragment using these primers. The results of molecular characterization and morphological identification thus established that the CI isolate from soybean is C. capsici. C. capsici was not reported in soybean till date. Results of present investigation revealed the first report of C. capsici in soybean plant.
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